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16 ABSTRACT 
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HEAO-A OBSERVATORY DESCRI PTION 
INTRODUCTION 


The purpose of this report is to provide an abbreviated description of 
the 1 1 i 14 h Kncru.v Astronomy Observaton (111 Ai>-.\) Program, including its 
missions, observatories, and instrumentation. This information is intended as 
a ■•Hide to those planning to respond with proposals for investigations under the 
IIKAO-A Cutest Observer Program; however, n is not expected that this informa- 
tion will be sufficient to prepare a detailed proposal. Contacts with individual 
IIKAO-A principal investigators or other law III AO Program personnel (pre- 
sented in the' Appendix) w ill normally be re(|Uired to discuss specific details and 
arrangements for desired investigations. 

The II KAO Program consists ol three observatories carrying experiments 
in X-ray and namma rav astronomv and cosmic rav research. The IIKAO Pro- 
gram is under the cognizance of the Ollice ol Space Science at NASA Head- 
quarters, and the project management is be inn' carried out bv Marshall Space 
Flight Center in Huntsville, Alabama. The IIKAO observatories and experiment 
integration is beintj performed by TIIW S\ stems, Inc., ol lledondo Peach, 
California, and the experiments arc beim_t developed In the institutions ol the 
scientific investigators. An abbrev iated summarv of the characteristics of the 
observatories is shown in Table 1. 

IIKAO-A is an observatorv carrying lour experiments covering the 
disciplines of X-ray and "amnia rav astronomv , with the mission ol scanning 
the complete celestial sphere while covering the energy ranue ol 1 ~>o i\ to 
10 MeV with hijjh sensitivity. The combined objectives ol the lour experiments 
include discovering new sources, studying temporal variations, providing pre- 
cise source locations, measuring eneritx spectra, searching for transient events, 
and studying the diffuse component ol the flux. The scientific participation on 
IIKAO-A is presented in Table 2, and the individual experiments and their 
objectives are covered in a subsequent section. 
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TABLE 1. HEAO OBSERVATORY CHARACTERISTICS 



I1EAO-A 
Large Area 

X-Ray and Gamma Ray 

I1EAO-B 
Focusing 
X-Ray Telescope 

I1EAO-C 

Large Area Cosmic 
Ray and High Resolution 
Gamma Ray 

Normal Operational Mode 

Scan 

Pointing 

Scan 

Observatory Spin Rate 
(±10 percent) 

0.03 

— 

0.03 

Spin Axis Directional 
Accuracy, degrees 

±1.0 

— 

±1.0 

Pointing Accuracy, arc min 

±60 - 90 

±1.0 

— 

Approximate Target Pointing 
F requency 

5/ week ( after first 
3 months) 

1/ orbit (avg) 

— 

Data Rate, kbs 

6. 4 

G. 4 

G. 4 

Housekeeping 

1.0 

1.0 

1.0 

Experiments 

5. 4 a 

5.4 

5. 4 

Tape Recorder Capacity, min 

220 

220 

220 

Orb'tal Inclination 

22. 75 

22. 75 

44.9 

Attitude Determination 
Accuracy, arc min 

±r>.o 

±1.0 

±6.0 

Mission Duration, months 

6 

12 

G 

Launch Date 

June 1977 

June 1978 

July 1979 


a. 


A-l special high data rate inode — 128 kbs. 




TABLE 2. HEAO-A SCIENTIFIC PARTICIPATION 


A-l — Large Area X-Ray Survey Experiment 
Principal Investigator 

Dr. Herbert Friedman 

Naval Research Laboratory (NRL) 

Co-investigators 

Dr. Talbot A. Chubb 

NRL 

Mr. Edward T. Byram 

NRL 

Dr. Gilbert G. Frit7 

NRL 

Dr. John F. Meekins 

NRL 

Dr. James Kurfess 

NRL 

Dr. Gary Yentis 

NRL 

Dr. Seth Shu 1 man 

NRL 

Dr. William Evans 

NRL 

Dr. William Johnson 

NRL 

Dr. Jerry Share 

NRL 

Dr. Robert Kinzcr 

NRL 

Dr. Kent Wood 

NRL 

Dr. Richard Ilenrv 

NASA Headquarters 

A-2 — Cosmic X-Ray Experiment 
Principal Investigators 

Dr. Elihu A. Boldt 

Goddard Space Flight Center (GSFC) 

Dr. Gordon P. Garmire 

California Institute of Technology (CIT) 

Co-investigators 

Dr. P. C. Agrawal 

CIT 

Dr. Geunter Riegler 

CIT 

Dr. C. Stuart Bowyer 

Lniversitv of California, Berkeley ( FCB) 




TABLE 2. (Continued) 


Dr. Ray Cruddace 

UCB 

Dr. Michael L. Lampton 

UCB 

Dr. J. I. Silk 

UCB 

Dr. Stephen S. Holt 

GSFC 

Dr. Peter J. Serlemitsos 

GSFC 

Dr. Richard Rothschild 

GSFC 

A-3 — Scanning Modulation Collimator 
Principal Investigators 

Dr. Herbert Gursky 

Smithsonian Astrophysical Observatory (SAO) 

Dr. Hale Bradt 

Massachusetts Institute of Technology (MIT) 

Co-investigators 

Dr. George W. Clark 

MIT 

Dr. Roger Doxsey 

MIT 

Dr. Walter H. G. Levin 

MIT 

Dr. Sol Rappaport 

MIT 

Dr. Gianfranco Spada 

Labortoria Astrofisica Spaziale, Franscati, 
Italy 

Dr. Riccardo Giacconi 

SAO 

Dr. Paul Gorenstien 

SAO 

Dr. Edwin M. Kellogg 

SAO 

Dr. Harvey Tananbaum 

SAO 

Dr. Daniel A. Schwartz 

SAO 




TABLE 2. (Concluded) 


A--1 — Hard X-Ray and Low Energy Gamma 
Ray Experiment 
Principal Investigators 

Dr. Laurence E. Peterson 
Dr. Walter II. G. Lewin 

Co-investigators 

Dr. R. M. Polling 
Dr. J. L. Matteson 
Dr. Hale Bradt 
Dr. George W. Clark 
Dr. Sol Itappaport 


University of California, San Diego (UCSD) 
MIT 

UCSD 

UCSD 

MIT 

MIT 

MIT 



In addition to the scanning objective, IIEAO-A will be operated periodically 
in a pointed mode alter the tirst 3 months of scanning. It is anticipated that 
approximately live pointings per week will be carried out . The actual fre- 
quency ol pointing and the extent of an\ maneuvers of the X axis away Irom the 
observatory Sun line will be based on the results <>l in-orbit operation. 


HEAO-A DESCRIPTION 


The observatory consists ol a spacecraft equipment module (SEIM) and 
an experiment module (EM). The SE.'M carries most of the spacecraft opera- 
tional equipment including the attitude control and determination system (ACDS); 
the hydra/.ene-iueled reaction control system ( 1’CS) ; the tape recorders and 
other components of t lie command and data management svstem (CDMS); the 
batteries, regulators, and other components of the electrical distribution sys- 
tem (EDS). The star trackers of the CDMS arc mounted on Experiment A-3, 
which requires the most accurate attitude determination ol all IIEAO-A experi- 
ments. SE.'M is a common structural element for all three I1KAO’ s, although the 
equipment in it varies somewhat for each mission. 

The experiment module structure varies considerably for each observa- 
tory. In addition to the experiments, the EM carries some elements of the 
electrical distribution system such as the solar panels and part of the CDMS. 

Of the latter, the experiment accommodation assemblies ( EA.V s) are stand- 
ardized units through which the experiments deliver data and receive commands. 

The HEAO-A is shown schematically in Figure 1 w ith the location of the 
four experiments indicated. Experiments A-2, A— A— l, and one module of 
A-l are eoaligned in the +Y direction, while the remainder of the A-l experi- 
ment field of view is in the -Y direction. 

In the normal scanning mode, the observatory rotates at 0.03 rpm about 
the Z axis with +Z axis pointing toward the Sun. During "off-set scan" opera- 
tions and pointing operations, the +Z axis may be varied up to 7° from the Sun 
line, while maintaining normal electrical power from the solar panels and normal 
observatory tern pc ratu res . 




Figure* 1. HEAO-A. 



In the scanning mode, the viewing axis of the experiments scans a great 
circle in the sky. The length oi time each experiment remains on a discrete 
source and the number ol' successive scans ol' the same source depend upon the 
field of view of the individual experiment and to a lesser extent on the stability 
of the spin rate and spin axis. The schedule of observations is governed by such 
factors as Earth occultation and by instrument cutoff in the South Atlantic 
Anomaly region of the inner Van Allen Belt. 

In the offset scan mode, the observatory continues to rotate at the stand- 
ard 0.03 rpm, but the spin axis is varied up to 7° from the Sun line. This mode 
would allow a longer observation of particular objects or regions, but would 
also somewhat affect the sensitivity of the all -sky survey. 

After the first 3 months of scan operation, the observatory will perform 
up to five pointing operations per week. These pointings will initially be limited 
to directions that will keep the +Z axis within 7° of the Sun and will be limited in 
duration. 

Although the approved mission is for 6 months orbital operation, observa- 
tory consumables ai'c sized for approximately 1 year. 


A-l LARGE AREA X-RAY ARRAY 


The NRL A-l instrument for IIKAO-A is a modular assembly of thin 
window proportional counters which are designed to provide position coordinates 
and characterization of cosmic X-ray sources { Fig. 2). The instrument consists 
of seven large area X-ray sensor modules designed to record incident X-ray 
fluxes, a central electronics module to process data received from the seven 
sensor modules, a stellar aspect assembly (plus back-up unit) to provide hecks 
and refinements on the spacecraft attitude solution, and a central gas system 
module used to provide replacement gas to the individual proportional counter 
sensing elements. A system block diagram is shown in Figure 3. 

The A-l scientific objectives arc: 

1. To perform all-sky map of discrete X-rav sources in energy l’ange 
0. 15 to 20 koV 

2. To achieve a sensitivity bettci than 5 x 10 1 Crab Nebula 
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Figure 3. System block diagram. 






















To measure spectra, source locations, and time variations 


4. To study extended sources in 0. 1° to 1° angular range 

5. To stuuy pulsar profiles in the fast timing mode. 

The following is a summary of the A-l instrument features: 

1. Seven large area collimated proportional counters 

2. All How counters with 2.o psia xenon methane 

.*». Kach counter lias three layers of anode wires 

4. Bottom two layers primarily for anticoincidence 

5. Fields of view 

a. Four counters 1° * 4° (Modules 1 to i) (l° in scan plane) 

b. Two counters 1° * 0. r>° ( Modules 5 and <>) ( 1° in scan plane) 

c. One counter 8° x 2° ( Module 7) . 

(I. Magnetic brooms mounted within collimators 

7. Two data rates: 

a. 2. 1 kbs to the observatory tape recorder in the manual mode 

b. 128 kbs real time direct to the ground station for special high 
time resolution studies (up to 4 p see) . 

8. Energy resolution — approximately 1<> percent at •">.!) keV. 

Kach X-rav sensor module consists of a single proportional counter body 
frame 24 — 1 1 x I x <> in. on which is mounted a window support structure, 

counter back structure with integral control counter, collimator assembl\, and 
electronic subassemblies. The basic laver <>| wires is independently metered. 
Over most of the energy range, the front laver serves as the X-ray sensor, and 



the back layers provide anticoincidence protection against charged particle 
events. At higher energies, sensitivity is provided by the top two layers. Anti- 
coincidence protection is also provided on ends and sides by wires strung on 
1 in. centers. Cl round planes arc provided to separate wires where good 
counter geometry is needed. The counter frame is made from welded aluminum 
extrusions of special cross-section. The counter gas v iews space through a gas 
barrier of d p mylar M film. Electrical conduetivitv on the inward surface is 
provided by a film of vacuum deposited Nichrorie approximately (>0 A thick. 

The gas barrier window is held in place by a photoeng raved sheet of stainless 
steel whic h, in turn, is supported against the gas pressure within the counter 
l * v a stainless steel honeycomb of rectangular cell construction. This honeycomb 
provides X-ray eollimation of s° x 1° full width hall maximum ( EWI1M). 

Each basic counter v iews space through a collimator made of photo- 
engraved stainless steel plates spaced in register in a coilimator frame. The 
frame plus collimator plates is called the collimator. It is assembled and 
checked for register before mounting on the iront of the 1 counter. The outermost 
etched plates of each collimator are stacked against each other. The assembly 
views space through a heat shield made up of a polycarbonate overcoated with 
1000 A of A1 and sandwiched between wire grids. This heat shield is the2/.i thick 
exterior surface to the collimator assembly. 

The counter back structure provides a gas barrier on the back surface 
of the counter frame and also contains integrally a small auxiliary proportional 
counter which shares counting gas with the main counter. This small counter 
is operated as a control counter. It is excited bv an integrally mounted radio- 

cc 

active source containing Ee . It serves as an electronic component in a feed- 
back loop used to maintain proper operating voltage on the main counter despite 
density changes in the counter gas or drifts in the high voltage circuitry. 

Each X-ray sensor module also includes movable radioactive calibration 
sources to provide a check on counter operation and channel position, and a 
magnet assembly to deflect and trap incident low cnergv radiation belt electrons. 


A -2 COSMIC X-RAY BACKGROUND EXPERIMENT 

The HEAD A-2 experiment ( fig. I) is designed to study the diffuse X-ray 
sky over the band 0. lf> to (it) keV. As such, main precautions have been taken 
to reduce extraneous background, and some novel features have been incorporated 


O 




which permit the unambiguous extraction of sky surface brightness from the 
total signal (Table 3) . In the process, the experiment is also well suited for the 
examination of discrete sources over an important energy band, and the on-board 
data system was configured for exploiting this capability. The broad objectives 
of the experiment are as follows: 

1. Measure the relative emission and absorption of diffuse hard and 
soft X-rays at high galactic latitudes and correlate results with radio and optical 
studies. 

2. Determine the contribution to the background by discrete sources. 

2. Detect large-scale global anisotropies associated with the solar 
system motion with respect to distant sources of emission. 

4. Make broadband specti’al classifications of diffuse and discrete 
sources. 

5. Establish the temporal characteristics of sources with multicom- 
ponent spectra. 

There are three types of multianode multilayer counters: High Energy 
Detector ( HED) for a xenon filled counter ( ~1 atm) to cover the energy range 
~3 to fiO keV, Medium Energv Detector (MED) for an argon filled counter to 
cover the band 1. 5 to If) keV, and Low Energy Detector ( LED) for a thin 
window propane gas flow counter to cover the band 0. 15 to 3 keV. The LED 
counters represent a collaboration between California Institute of Technology 
and GSFC. The GSFC group is concerned mainly with the HED and MED 
counters. 

The first three months of the mission will be devoted to scanning 
exclusively. After that, a limited number of targets of opportunity (i.e. , 
sources on or near the nominal scan path) will be considered for extended 
"pointed" exposures. 

There are six detectors (three IIEI)’ s, two LEI)' s, and one MED) so 
aligned that a rotation of the spacecraft (every .“><) min) provides a complete 
great circle scan of width .3° FWIIM on the sky. The spin axis for this scan is 
pointed to the Sur.. The collimation along the scan direction varies among units 
from 1.5° to 6° FWHM. 



TABLE EXTRACTING THE DIFFUSE X-HAV FI.UX FROM THE BACKGROUND 


Approach 


Characteri Stic 

* Diffuse Flux Increases Linearly with Solid 
Aiv^lc* 

* Electron Contamination Enters Detector via 
Collimator 

* Photoelectric Cross-Section Strong Function 
of Eneryv 

* Charged Cosmic Rays and Compton Elec- 
trons Produce Longer Ionization Paths than 
Lower 1 ineryy Photoelectrons 

* 2,0 n.in Spii, Period Can Involve Wide Ranye 
of Geomagnetic Latitudes 


l til i/ation 


* Several Fields of View (2.. detector) Alony Scan 
Path 

* Charged Particle Veto Layer at Entrance 
Window 

* Magnetic Broom 

* C.IF, Ar, Xe Gas 1 e> r Three Eneryv Regimes 

* Layer-to- La\ er Attenuation versus Photon 
Eneryv 

* Multianode Veto 

* Observations Repented in Detectors Oflset In- 
ti 0 ( 1 2 min time lay) 




A. High Energy Detectors 


Incident X-rays traverse a collimator covered with 0.2 mil aluminized 
kapton thermal shields, then a 1 mil mylar window, then the top layer veto 
((’jlljj-Xe mixture tor rejecting; entering; charged particles), and then a 1 mil 
mylar partition separating top veto laver from main xenon (X 0 -CII 4 mixture) 
counter. 


The effective area is — *)()() cm". The minimum detectable flux in a 10 

— 4 - t _ 1 

sec observation is on the order 10 cm “ sec UcY for the bands 3 to 20 keV 
and 20 to (50 keV. The expected background count rate (diffuse background plus 
internal) is £10 “ cm “ sec for each of these hands. 


B. Medium Energy Detectors 

Incident X-rays traverse a collimator covered with 0.2 mil aluminized 
kapton thermal shield, then a mil l»e window, then enter main counter (A 1 -CH 4 
mixture at ~1 atm). The effective area is ~800 cm". The minimum detectable 
flux in a 10 ’ sec observation is ~10 1 cm sec 1 keV 1 for the 1. 5 to 15 keV 
band; the total background count rate is ~ 10 2 sec -1 cm “. 


C. Low Energy Detectors 


A thermal precollimator is heater regulated to control heat losses. 
Permanent magnets arc incorporated into the main collimator to prevent incident 
electrons from reaching the detector window (rejection ell'iciency >90 percent 
for electron energies <10 kcY). A protective cover (sunshade) is closed over 
the collimator during the launch phase and whenever direct sinlight is near the 
field ol view . It mas also be closed for the evaluation of internal background. 
After passing through the collimator, incident X-rays traverse 1 to 2 p poly- 
propylene window (carbon coated) and then enter main counter (propane at 
— 0 . ii atm; density regulated by automatic gas replenishment system). The 

• • O *1 

effective area is ~(500 cm". The minimum detectable flux in a 10 sec observa- 
tion is ~ 10 " cm “ sec 1 keV 1 for the 0 . 15 to o.2> keV band and ~10 -3 cm " 
sec ' ke\' 1 for the 0.5 to 5! keV. The background count rate (diffuse background 
plus interval) is expected to be ~10 


_•> — | 

cm ‘ sec lor each of these bands. 


D. Fields of View of Detectors 


SCAN X 



Collimators provide* one* field o| view lor oven anodes and another for 
odd anodes in scan plane. 



X TILTED TILTED TILTED 

-S IN 6 IN -6 IN 

XY PLANE XY PLANE XY PLANE 



A -3 SCANNING MODULATION COLLIMATOR 

The purpose of l he* Scanning Modulation Collimator (SMC) instrument 
( Fit*'. .”>) is to establish accurate information as to location, structure, and si/e 
of cosmic X-ray sources. 

The instrument views normal to the spin ( /.) a\is and has the- capability 
of measuring angular structure of detected objects as well as location and size. 

It will view the entire skv during the 1IFAO A-.‘! mission. The SMC will be 
sensitive to several interesting structural leatures. II the source is ol sulficient 
strength, the instrument can (’ stin^uish l>c*twei*n a rather uniform distribution 
of X-ray emission and a coll .ion ol distinct compact objects, as in the case 
of the blobs in the jet ol M-s. which mi”ht be resolved in X-ravs with this instru- 
ment. With sufficient statistical aceuracv, it can distinguish between a uniform 
volume' ol X-ray emission and a riiu; structure that resembles the' radio emission 
in the galactic objects fas A and T\cho f s supernova. 


IT 




The instrunu'nt uses proportional counters to detect X-ravs in the* energy 
ranj*c 1.3 to 13 keY. Tlu* objectives ol t lit* >M( are as l<»llo\\s: 

a. Determination ol the* eelestial position « > i schru d eosmie X-ra\ 
sources to a precision < > l approxi match 3 arc see. 

I). Determination ol the angular si/e ol cosmic X-ra\ sources to a 
precision ol approximately 3 to 1<> arc sec in three* X-ra\ ener^x intervals 
from 1 . 3 to 13 keY. 

c. Stud\ of the* structure ol the X-ra\ (‘mission to a precision ol lo 
are sec in three X-ray enerit\ intervals Irom 1.3 keY. 

The* details of the instrument hardware are as follows: 

a. Ki<;ht collimated proportional counters 

I). four hehind each ol two modulation collimator assemblies 

e. Kach modulation collimator has four “rids 

d. Modulation angles are arc sec (SMC-1) and 2 arc min (SMC-2) 

FWILM 

e. Counters sealed with 1.2 atm at“on CO, 

I. 1.3 mil beryllium window 

и. 0. 1 mylar thermal shield 

h. Two anode wires per counter 

i. Coarse collimator defines ! c '■ 1° field of view 

j. Two star trackers with on-board calibration lights 

к. Net area cadi collimator 130 enf 

1. Cross area each collimator Dion enf 


liJ 


t 



m. Modulation hands tilted : It) 1 from sc an circle' 


n. :>() arc see collimator; each of three eiu rgv channels ii read out 
every 10 msec 

o. 2 arc sec collimator; each ol three energ\ channels is read out every 
1(10 msec 

p. Aspect data every 1520 msec 

q. High frequence background monitor ev cn til msec 

r. Auxiliarv data; l ower level Discriminator, I'pper I eve 1 Discrimina- 
tor, and Pulse Shape Discriminator rates. 

The SMC is comprised of two sections f Pin. >), each containing four 
wire grid planes, l’ach provides a precise loc ation and angular si/e measure- 
ment in one dimension along a "plane <»i maximum transmission." An addi- 
tional collimator located forward ol the front grid restricts the overall instan- 
taneous field ol view to 1° ■ 1° 1 Wll.M for ca h SMC. The outwaid view direc- 
tion of the instrument is perpendicular to the spac. -craft - pin < /.) axis; thus, 
for a given spin axis orientation the instrument scans a great circle band on the 
skv. As the spin axis follows the apparent motion of the* Sun, the entire sky is 
surveyed over a ti month period. 

The two collimators differ In having their plane of maximum transmission 
inclined +10° and -10 c to the scan direction ( Fig. 7) . 11 • c <g, cations and 

angular sizes arc measured along two directions. Precise tv o-dimensionnl 
locations arc* determined by tlu* interseconds ot the locations obtained Irom each 
of the two collimators. The collimators also (tiller In i factor of tour in their 
angular response function (’It) and 12" arc see l\\ 11M v. ith 1 :uul P> arc min 
periodic spacing) to extend the dynamic range up to 1<» arc min over which 
angular size and structure' measurements ca: lie in. lo. 

The triangular response function of the collimators define the ability lor 
position determination. 1 or a source at the detection threshold, the peak of the 
triangle can be determined to approximated one-thin! the I \\ 1IM. l or stronger 
source's the' peak can lie determined to one-tenth the I \\ IIM. I he size measure- 
ment is made b\ testing for consistence ol the count in rate to a t ri angular 
response shape, and am structure is studied In dcco-ivoluting the triangular 
response from the detailed counting rate pattern. 


20 



8-PROPORTIONAL 

COUNTERS 


OPTICAL 

BENCH 


4 GRID 120 in. 
COLLIMATOR 


4-GRID 30 in. 
COLLIMATOR 


direction 








A. I nstrument Sensitivity 


The SMC instrument will be capable of <1 sigma position measurements 
for X-ray sources having an intensity of 1 x io“ t'rab, in two orbits of pointing 
or 4 days of scanning data. 

B. Background Rejection 

The SMC instrument will utilize pulse shape discrimination ( PSD) tech- 
niques to reduce the non-X-ray background. Typical PSD performance results 
in better than 75 percent background rejection with more than 75 percent X-ray 
event acceptance. We expect residual non-X-ra\ background in the range 
0.005 to 0.02 counts/ cm" see ( <» to 20 counts see, 1 bank). 


C. Energy Resolution 

Both SMC 1 and SMC 2 perform thr°c channel pulse height analysis 
covering the 1. 5 to 15 keV energy range to provide n minimum energy resolu- 
tion, consistent with the available data rate, to carry out the scientific objectives 
of studying source size and source structure versus energy. The three channel 
pulse height analyzer will cover the following energy ranges ( 1 10 percent one 
sigma) : 

Channel No. 1 1.5 to .*» keV 

Channel No. 2 11 to <> keV 

Channel No. :» (> to 15 keV. 


The three pulse height analyzer channels are used to select the best signal-to- 
noise ratio for different X-ray spectral types. A source with a steep exponential 
spectrum will give a detectable number of counts only in the two lowest channels. 
A power low type of source will also contribute significantly to the »> to 15 keV 
channel. Hither spectral type may be cut off so steeply at low energies that the 
1.5 keV channel does not give significant counts. The pulse height boundaries 
are not calibrated. 


The A— ;» SMC' consists of two proportional counter assemblies; two X-ray 
signal processors; two imaging aspect sensors; and the supporting electronics 
for power and command distribution, synchronization, and telemetry interlacing. 
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Instrument operation is monitored via housekeeping ei rends which 
provide command verb’ ‘ion, eon I i juration stains, and \ * 1 1 ,, and npera- 

turc measurements. A detector block diagram in howu ii i i •.•ire • 

There is no South Atlantic anomaly detector as pu h. Instead, this 
problem will be circumvented b\ a signal Irom tic slop I . . i and pro 1 rammer 

on the observatory that will reduce the h i • ; h \ « >1 1 . . a.- t'„ . al\ i pproachod 
and another signal that will restore the hi h volta . ■ once the a mal\ is passed. 

The two aspect sensors will operate enti rel\ i •!. ndt tlx I rum one 

another. Power will be lurnished Irom sepai v pa. ceivit ele t ri al accom- 
modation assemblies. No in-ilit*h X-i i\ c-a 1 i i * i aiion will c ovi. c ' lor the 
proportional counters. 


D. Aspect Determination 

The experiment must be equipped with asp. ci sc sms • sop- trackers) 
to provide data on the stellar orientation ot the i peril a nt a < v itn sulliciont 
accuracy to allow achieving the experiment p. d ol > are see position ot sources. 

In addition, the spacecraft rate ip\ ro data are i ssential to perlormini; the aspect 
solution. These aspect requirements are consist, nt with tie* mechanical align- 
ment tolerances of the collimators. The aspect olmion is the limiting fac tor in 
determining source location for strom; sources ( i.e. , ■ i< >1 limited b\ counting 
statistics). It is not required to achieve equal pro i.-r n around all three axes 
to achieve this goal. In the case ol the' SMC, tin i odtdatu • . b.mds make an an-le 
of 10° with respect to the X axis. Thus, tin sensitixe directio is rotation around 
X in which direction precision of ."> are sea must be a hieve.l. i or rotation about 
Z, :'>0 arc see are adequate. Knowledge ol aspc . a rourd t V axis is required 
to approximately 1.0 are min to perforin the SMC dam . porpo- i t i . . i. 

The aspect sensor will normally operate with one ol the two in a standby 
redundant mode. Doth will be turned on periodic all\ for c ross -c alibration 
purposes. The aspect sensors will be' aliened with the X-rav ollimators as 
early in the mission as possible* usiny a known sour. *• such as (AC! X-l, 

(TIN X-:t, or 111 It X-l . 
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A -4 HARD X-RAY AND LOW ENERGY 
GAMMA RAY EXPERIMENT 


A. Instrument Description 

The Hard X-ray and I-ow bnergy Lamina Kay bxpet iment, also known 
as A— I, will measure point and diffuse sources ol X-rnvs and minima rays in the 
10 keV to lo MeY range. ( Lor a more complete description « »1 the experiment, 
see also "The I'CSI) MI L Hard X-llav and Low buergx (iamma Kay experiment 
for IlbAO-A," 107 i, b\ J. I . Matteson, IL M. IVlting, and I L. Peterson, 

The Context and Status ol (iamma Ka\ Astonomv, LSI AI5 S\mposium. ) 1'he 
instrument is shown in 1 igure *. The seven d> lectors are Nal(Ti) Csl( Na) 
phoswich scintillators and are surrounded by eight lar e C’sK Na) scintillators 
which provide shielding and deline the fields ol \icw. Since the appropriate 
detector si/e, field of \ie\\, and shield thickness \ar\ greath through the energy 
range, the instrument contains throe detector types whose details are given in 
Table L All apertures are covered b\ a thin pi a die s< intillator to reject 
charged particle counts. The apertures max also be blocked by a moveable 
2 in. thick Csl( Na) "blocking crystal" which will intercept the aperture gamma 
ray llux to simplify background determination. 

The slat collimators ol the intermediate energx detectors are |>ositioned 
at approximately fit) 0 relative to the scan direction ( big. if), allowing point 
source position determination to <1° over t lit • approximately 10° wide band 
scanned each spacecraft rotation. Source's detected in the point mode detectors 
will have their positions determined to onl\ less than ‘JU°, but in most case s 
will be identified with low energy sources In similarity with intermediate energy 
detector spectral measurements at approximately ion keY. In the same manner, 
point sources detected by the diffuse mode detector will be related to those with 
similar spectra in the point mode detectors. 

bach detector is equipped with a pulse shape analv/er and disc riminator 
which detect and veto C'sl( Na) events. In addition, the particulai combination 
of shield upper and lower level discriminators (nominal settings ol approxi- 
mately •"> MeV and 0.1 MeV) used for detector anticoincidence mat be selected 
by command. A unique combination max be selected for each detector, allowing 
the instrument to be "tuned" lor maximum sensitivity. Detector events satisfying 
the anticoincidence condition are pulse-height -analv ved and telemetered on an 
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Figure 8. HEAO A-l Experiment 


Hard X-Ray and T ow Energy Gamma Ray. 



TABLE 4 . HARD X-RAY AND LOW-ENERGY GAMMA RAY EXPERIMENT 




Detector Characteristics 




Nal 



Field of View 

Csl 


Detector 

Size 

Energy 

A rca 

FWIIM 

Shielding 

Point -Source 

X am e 

(in.) 

Range 

( cm 2 ) 

( deg) 

(in. ) 

Sensitivity 

Intermediate 

Energy 

(2) 

5 dia. x 
1/8 thick 

10 to 200 keV 

22-"> 

/v. 1 2o 

~ 2 

2 < 10 “ Crab 
Nebula 

Point 

Mode 

( 4 ) 

‘4 dia. x 
1 thick 

0.1 to 5 MeY 

ISO 

-20 

^ 1 

10 2 C ral> 
Nebula 

Diffuse 

(1) 

•"> dia. x 
thick 

0.1 to .1 MeY 

12.", 

- 10 

~ (> 
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Figure 9. Detailed description of IIFAO-1 Experiment — Hard X-Ray and Low Leonty Gamma 
Ray. (The instrument consists of a cluster of seven Nal(Tl) CsI(Na) phoswich type detectors 
and eiyht la rite Csl( Na) shields. Three detector sixes are used to a,ive efficient operation over 
the 10 kcY to 10 McY ranitc. The apertures are covered by a thin plastic scintillator to reject 
chanted particle interactions in the detectors. A moveable ’’blocking crystal" may be 
positioned over any aperture to simplify background determination.) 



event-by-event basis by the Main Pulse Height Analyzer ( Ml’HA) system. Sixty- 
four pulse-height channels are provided for the intermediate energy detectors 
and 512 channels for the others. Kvent time is normally known to 10 -1 see 
accuracy. This may be improved to 5 msec or 20 p sec by commanding an 8 bit 
or 1<> bit time tag to be added to the MPI1A word. 


An additional data channel is available in the Itoving Pulse Height 
Analyzer (RPIIA). This 25(5 channel P1IA selects its input through a 28 input 
analog multiplexer, which gives it access to all detectors, shields, and pulse 
shape analyzers in the instrument. The spectrum of a selected input is normally 
accumulated in a memory for 20 sec and then read out while the next spectrum 
is accumulated. The input sequence, spectrum accumulation period, number 
of PI1A channels and bit rate dedicated to the HPIIA may be changed b\ command 
to adapt it to a variety of situations. Normalh it will perform energy and pulse 
shape analyzer calibrations and monitor shield performance, cycling through 
its inputs every few minutes. In special cases it may dwell on a selected input 
to study an instrumental effect or to provide an alternate path for prime science 
data. This will lie useful in the study of strong X-ray sources which will exceed 
the MPIIA system’s limited readout rate. 


The diffuse mode and intermediate energy detectors use 5 in. diameter 
photomultiplier tubes ( PMT) and the point mode detectors use 9 in. PMT. The 
shields and blocking crystal use 1. in. PMT. Kach detector and Csl shield 
contains an Am’ 11 doped CsI(Tl) ’’light pul so r” which provides a calibration peak 
at approximately 2 MeV gamma ray equivalent energy. The calibration peaks 
will bo monitored throughout the mission and gain corrections achieved by com- 
manded PMT high voltage changes. 


The instrument also contains three particle monitors to measure the 
proton and electron fluxes encountered in three energy ranges. These monitors 
will allow data contaminated by excessive particle flux to be Identified and pro- 
vide the proton dose history necessary to determine the build-up of spallation 
products due to proton interactions in the instrument and spacecraft. 


B. Background Predictions 


The instrument background properties may be predicted with some con- 
fidence since most of the relevant radiations and effects have been measured 
in the laboratory and or space experiments. There are four primary background 
sources: ( l) the leakage component is produced by cosmic, Karth albedo and 
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spacecraft-produced gamma rays which penetrate the instrument's shielding, 

(2) the aperture component is due to cosmic gamma rays which enter the instru- 
ment aperture, (3) the spallation component is the result of the decay of unstable 
spallation products of high energy proton reactions in the instrument, and (1) 
Earth albedo and spacecraft-produced neutrons tna\ give prompt effects. 


C. Instrument Sensitivity 

Using the background spectrum estimated from the first three effects 
from the previous paragraph. Figure 10 shows the 0 sigma instrument’s sensi- 
tivity to a point source for a 1 year uniform sk\ scan. Also shown is the Crab 
Nebula spectrum which is extended to approximately 0 . r> MeV. II this spectrum 
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Figure 10. The 3 sigma instrument sensitivity to a point source 
fora 1 year uniform sk\ scan. ( I'lte instrument should detect 
the Crab Nebula up to ~."i MeV. 1<> ! Crab should be 
detected to ~0.. r > Me\ and lo Crab to »*. t Me\’.) 
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extrapolates to higher energy, the Crab should be detected up to approximately 
5 MoV by IIKAO-A. A source equal to 10 Crab will be seen to approximated 
0.5 MeV and 10 “ Crab to approximated o. i M, \ . The instrument* s sensitivity 
to diffuse emission is shown in Figure 11. 1'his will be achieved, provided the 
systematic background effects described in Far i. ruph 1» t an be adequately 
understood and corrected. 



cacRsr tuiv) 

Figure 11. The 5 sigma instrument scnsiiivit\ to diffuse (‘mission. 
(Gamma rav emission from the galactic plane has not been detected 
in the 0. 1 to 10 MeV range. Tlte instrument' s sensitivity is well 
below a simple connection between the It) keV and 10 to loo 
MeV measurements, indicating that the galactic plane 
should be easily detected and mapped.) 


D. Gamma Ray Burst Processor 


The instrument also contains a high resolution timing system lor the 
measurement of cosmic gamma rax bursts, lhe signals ol the eight large 
Csl( Na) shields and the blocking cry stal are summed, resulting in an omni- 
directional collection area of approximated - J loo cm". The summed signal is 
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processed by a diseriminator system with thresh Ids < •! o. l , n.u, o. >, o.s, 
and 1 . <i Me Y . The discrim inator output s are pro*, t ssed 1 1 \ a v< i satile logic 
system which recognizes rapid counliiv rati i • . < va-c.; 1‘he tii era - hort 
time scale sampling oi the diseriminatoi outputs with ; he r u i. hem. sh red 
in a memory which is read out later. Countim, raU data (-1 •>. I to l.ti Me\' are 
stored on time scales as short as approximately '• * n .< < , and j >c*c t i a 1 data are 
stored on time scales as short as approximate! \ n ri . |'i,< . , ■■isitivitv lor a 

«amn\a ra\ burst with tin' temporal charai teristics ol the April :!7, 1 97 Li, burst 
w ill be approximately d ' 1 « > 0 ergs cm . 

MISSION OPERATIONS AND DATA MANAGEMENT 

The Operations Control Center (( >CC) loi III’ \(> will In at GS1 C. A 
mission operations team consisting ol i ep resent i • i . I . . t ; • ii til ie groups, 

TUNY, and NASA will plan and direct the ohservabu <>j , i . i i ■ ■ 

The Flight Control Team at the (K’C will havi a ! li ht Director from 
MS Ft' who will direct all operations there. Ilis ham will « <■ i-i.-,t of C.SFC 
(light control personnel, data net personnel lr<>m CS1 C, < oservatorv personnel 
from TRW, and a scicntilie liaison team from tin exp- ii > it gioups. The OCC 
team is planned for a ."> day week, one shilt operate >: alter i fie: 1 out and activa- 
tion of the observatory , which will require appr .x i e aid w ■ < ' s. 

I Hi ring the two work s hi Its a da\ v hi , the 1 1 11 i >(( team is no' present 
and on weekends, the OCC will be manned b\ a ■ educed « iw to > arr\ out normal 
observatory operations. The lunctions tube purloin ed l>\ the c t flight control 
team include: 

a. Perform and schedule telemetry ground station passes 

b. Generate and transmit commands to the ol>ser\aton 

e. Monitor and evaluate the state of health ol the observatory and 
resolve anomalous behavior 

d. Mana ye observation subsystems and experiment eonliguration 

e. Integrate experiment operational reqi i rements into the observatory 
operation plan and execute requirements such as pun in., a as counters and 
pointing the observatory. 
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Data are transmitted to the ground and commands are generated to the 
spacecraft during passes within range ol the stations of tin* Space Tracking and 
Data Net (STDN). Commands received l>\ the observatory may be executed in 
real time or stored on-board to be executed at a preset time. The commands 
stored on-board are for instrument cutoff in the South Atlantic Anomaly and 
pointing operations. 

At CiSTC two facilities are involved in processing experiment data. The 
Data Reduction Laboratory (DRI.) is a faciliu attached to the OCC. Its purpose 
is to examine a selected subset of the experiment data to monitor experiment 
health and to facilitate operations such as the initiation o! normal operations, 
experiment gas purges, etc. Normal scientific data processing will not be 
performed at the DRI , but rather with data processing facilities at t he* institution 
of the scientific investigators. 


The Data Reduction Center ( DRC) will handle the preprocessing of the 
bulk of the data before the data are sent to the investigators’ facilities. Its 
function includes stripping out individual experiment data from the main data 
stream and calculating post factor ephemeris and spacecraft attitude information 
to be supplied to the experimenters. 

During a STDN station pass, the real time data from the observatorv at 
f». d kbs are forwarded, unmodif ied, to the OCC at (ISFC. Some of these data 
are processed and displayed at the- OCC and may be used in the DRI for assessing 
experiment health. The observatory tape dumps received at the tracking stations 
are abstracted and the abstracted data are forwarded to the OCC within a lew 
minutes. This abstracted data include spacecraft and experiment housekeeping 
data. 


Each day one orbit of data will be designated ’’quick look" data and the 
complete data from this orbit will be transmitted from a STDN site to the OCC, 
delayed only by the transmission time. The scientific data from each experi- 
ment will be stripped out at the DRC and transmitted to the individual experi- 
menters' facilities for scientific data anah sis. Receipt of the quick look data 
by the investigators will be within 2 1 hours of the STDN tape' dump. 


The bulk of tlu' data will be mailed from the STDN sites to the OCC'. 
After being preprocessed at the OCC, the data from the individual experiments 
will be forwarded to the investigators’ facilities lor scientific processing. It 
is planned that the investigators will receive the data within approximateh t» 
weeks of the observatory tape dump at the tracking stations. 
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APPENDIX 

HEAO-A GUEST OBSERVER PROGRAM CONTACTS 



Code 

Tele; 

phone No. 

Mr. Hit-hard K. llalpern 
( )SS HKAO Program Manager 

SA 

202 

755-20 1 0 

l)r. Albert G. Opp 

OSS HKAO Program Scientist 

SA 

202 

7 55-20 s .) 

Dr. K. A. Speer 

MSI'C' HKAO Project Manager 

IIA01 

2or» 

152-2070 

Dr. 1- rank McDonald 
GSKC HKAO Project Scientist 

002 

.501 

0S2- IhOl 

Dr. C. It. O’Dell 

MSI C Associate Director for Science 

DS20 

205 

152-3022 

Dr Gerald I ishman 

Guest Observer Program Scientific Coordinator 

KS22 

205 

152-2701 

Mr. Carroll C. Dailey 

Guest Observer Program Project Coordinator 

11 AO 1 

205 
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